ambient solar ultraviolet as part of the occupational requirement to provide 29 supervision of children during lunch and break times. We investigated the relationship 30 between periods of outdoor occupational radiant exposure and available ambient solar 31 radiation across different teaching classifications and schools relative to the daily 32 occupational solar ultraviolet radiation (H ICNIRP ) protection standard of 30 J/m 2 . Self-33 reported daily sun exposure habits (n=480) and personal radiant exposures were 34 monitored using calibrated polysulphone dosimeters (n=474) in 57 teaching staff from 35 6 different schools located in tropical north and southern Queensland. Daily radiant 36 exposure patterns among teaching groups were compared to the ambient UV-Index. 37
Personal sun exposures were stratified among teaching classifications, school 38 location, school ownership (government vs non-government), and type (primary vs 39 secondary). Median daily radiant exposures were 15 J/m 2 and 5 J/m 2 H ICNIRP for 40 schools located in northern and southern Queensland respectively. Of the 474 41 analyzed dosimeter-days, 23.0% were found to exceed the solar radiation protection 42 standard, with the highest prevalence found among physical education teachers 43 (57.4% dosimeter-days), followed by teacher aides (22.6 % dosimeter-days) and 44 classroom teachers (18.1% dosimeter-days). In Queensland, peak outdoor exposure 45 times of teaching staff correspond with periods of extreme UV-Index. The daily 46 occupational H ICNIRP radiant exposure standard was exceeded in all schools and in all 47 teaching classifications. Limited data on solar ultraviolet radiation (UVR) radiant exposure in predominately 54 indoor occupations highlights that skin cancer and eye disease are rarely considered 55 diseases of occupation [1] , yet skin cancer and chronic eye disease such as cataract, 56 and pterygium are a probable consequence of lifetime exposure habits [2, 3, 4, 5] . 57
Research measuring annual and/or lifetime UVR radiant exposure and evaluating the 58 associated risks in workers with predominantly outdoor occupations are common. 59
Such studies include: building and construction workers [6, 7, 8] ; Lifeguards [9] ; 60 Gardeners [10] ; and Physical Education teachers [11, 12] . Consequently, strong 61 evidence is available correlating outdoor occupational radiant exposure with the 62 incidence of non-melanocytic skin cancers. Much effort is required to reduce UVR 63 radiant exposure in these occupations, particularly in tropical and sub-tropical regions 64 which experience high levels of ambient solar radiation. 65
66
The intermittent sun exposure hypothesis, which places traditional indoor workers at 67 higher risk, states that cumulative lifetime radiant exposure to solar-UVR, particularly 68 episodes of sunburn, contribute to the risk of cutaneous melanoma in Caucasian 69 populations [13, 14, 15] . Recent research by Kitchener [16] has shown there to be 70 limited evidence of elevated risk of melanoma in Australian Navy personal compared 71 to the general population. The findings of this research, contribute toward a 72 recognized complexity in associating occupational exposure, whether acute, chronic 73 or intermittent with increased melanoma skin cancer risk [17, 18, 19] . The Kitchener 74
[16] study did however associate a higher risk of melanoma for Naval personnel who 75 spent most of their working life out of direct sunlight. That intermittent exposures 76 among workers who spend most of their time indoors cannot be excluded as a risk 77 factor for the development of melanoma, particularly in populations exposed to high 78 ambient levels of UVR [20, 21, 22] For studies in which the personal risk of erythema is of concern, the erythemally Townsville, a major regional city of 170 000 residents is located in the dry tropics 138 along the north Queensland coast. The monthly average UV-Index range over the year 139 in Townsville ranges from 6-13, whilst the daily maximum UV-Index is typically 140 between 10 and 13 during November when this study was conducted [42] . 141 142 Toowoomba has a similarly large regional population of 110 000 residents and is 143 located approximately 120 km inland of the capital city of Brisbane in the south-east 144 of the state. Elevated to an altitude of 690 m, Toowoomba experiences a temperate 145 seasonal climate with cooler winters and a larger annual variability in the UV-Index. 146
The monthly average peak UV-Index across the year ranges from 6-11, whilst 147
Toowoomba's typical maximum November UV-Index ranges between 10 and 11 148
[43]. 149
Monitoring Ambient solar-UVR 151
The University of Southern Queensland (USQ) and James Cook University (JCU) 152 campuses, located in Townsville and Toowoomba have access to ambient erythemally 153 weighted solar UV data monitored continuously and averaged every 10 minutes by 154 model 501 Solar light Co (Philadelphia, PA) broadband radiometers. Instruments at 155 both campuses are located on university building rooftop environments with 156 unobstructed sky views. Access to the JCU radiometer was made through the 157 Australian Radiation Protection and Nuclear Safety Authority public website [42] . 158
The Toowoomba radiometer is maintained by the USQ solar radiation research group. 159
Personal radiant exposure measurements expressed relative to the available ambient 160 UVR were determined by comparison to UV-Index measurements recorded by these 161 instruments for the period 7:00 am to 5:00 pm. conducted with all available teaching staff to recruit volunteers. A total of 57 eligible 179 staff provided written informed consent to participate and were issued with study 180 information packs including a 10-day sun diary and 10 personal dosimeter badges. 181
Participants from Townsville and Toowoomba were instructed to wear a new 182 dosimeter daily for ten working days from 10 to 21 November, 2014. Study 183 participants were classified as classroom teachers, outdoor Physical 184
Education/Agriculture (PE / Ag) specialist teachers or teacher aides. The occupational 185 radiant exposure of one school principal was also measured ( Table 1) . 186 187 188 
Sun Diaries and UV Dosimeters 198
The pattern of sun exposure of each of the 57 participants was monitored through the 199 
Response 261
A total of 474 dosimeters were returned from the 570 dosimeters distributed to 262 participants (83.2% response rate). Non-return of dosimeters was primarily due to the 263 inclusion of 12 part-time staff (worked <10 days per fortnight; Table 1 ), in addition to 264 unscheduled staff absences due to sickness etc, and damage/loss of a small proportion 265 of badges (5 dosimeters). 266 267
Distribution of personal UV radiant exposures and time spent outdoors 268
The median H ICNIRP received by all teachers across both locations was 11 J/m 2 , (IQR: higher than those recorded for classroom teachers (Table 2) . Classroom teachers were 336 the dominate study group, comprising 42 volunteer participants compared with PE / 337
Ag specialists and Teacher Aides, making up a total of 14 participants (Table 1) . 338
Despite their small number, the 116 returned dosimeters of PE / Ag teachers and 339
Teacher aides recorded the highest radiant exposures of all study sub groups. 340 341 Teacher aides were found to have the second highest personal radiant exposures after 342 the PE / Ag teachers. Their median fractional ambient radiant exposure was found to 343 be between the classroom and PE/ Ag teacher groups at 1.3% (IQR: 0.7-1.8%). The 344 median H ICNIRP radiant exposure for the teacher aides was under the ARPS at 19.9 345 (IQR: 0.2-9.3 J/m 2 ). 349 350 351
Differences in radiant exposure limits by location and school characteristics 352
Differences in measured personal radiant exposure and self-reported outdoor exposure 353 time varied by location (Table 3) The proportion of teachers exceeding the daily ARPS was consistently higher in 362
Townsville than in Toowoomba (Table 3) Toowoomba. More than twice as many of the dosimeters returned by PE teachers in 369 Toowoomba (45%). 371 372 373 The proportion of dosimeter-days exceeding the daily ARPS occupational radiant 386 exposure limit was similar for primary and secondary schools, with 22.3% of the 387 dosimeters returned by primary school staff and 24.1% of the dosimeters returned by 388 secondary school staff exceeding 30 J/m 2 H ICNIRP (Table 3 ). The proportion of 389 dosimeters exceeding the limit was approximately 18% for both primary and 390 secondary classroom teachers (Table 3 ). The radiant exposure limit comparison between primary and secondary school PE / Ag teachers mirrored the differences by 392 study-site, as all primary PE teachers included in the study were based in Townsville 393 and all of the secondary PE / Ag teachers were located in Toowoomba. Comparison 394 of personal radiant exposure with school ownership also did not reveal any significant 395 differences although fewer non-government employees than government employees 396 exceeded the daily occupational ARPS radiant exposure limit (Table 3) 
The Radiation Protection Standard and outdoor exposure time 403
Collectively, 109 (23%) dosimeter records were found to exceed the ARPS radiant 404 exposure limit of 30 J/m 2 . Self-reported exposure times for staff exceeding the limit 405 ranged from 0 to 270 minutes with a corresponding median exposure time of 60 406 minutes (IQR: 30-90 minutes). Teaching staff found to have personal H ICNIRP radiant 407 exposures under the daily ARPS radiant exposure limit spent between 0 and 125 408 minutes outdoors, with a median exposure time of 15 minutes (IQR: 0-39 minutes). 409
Participants were not required to report exposure times less than 5 minutes, raising the 410 possibility that actual exposure times may be slightly greater than reported here. 411
There was however a clear statistical significance in the self-reported exposure times 412 between the dosimeter-days exceeding the standard compared to those not exceeding 413 the standard (p < 0.0001) with little observed overlap of the IQR. These results are 414 indicative of the influence of total daily exposure time, with participants exposing 415 themselves for longer periods being more likely to exceed the daily ARPS radiant 416 exposure limit. 417
418
The proportion of dosimeter-days exceeding the ARPS daily radiant exposure limit 419 was also shown to be dependent on teaching staff classification with 54.7% of 420 dosimeter-days for PE / Ag teachers exceeding the limit compared with only 22.6% of 421 dosimeter-days for teacher aides, 18.1% of dosimeter days for classroom teachers and 422 10% of dosimeter days for the school principal. The total number of self-reported outdoor exposure times, stratified by exposure 443 duration is provided in reporting outdoor exposure periods of more than 1 hour. This result is similar to that 466 of the classroom teachers, although a slightly higher combined percentage of teacher 467 aides were found to self-report outdoor exposure times above 30 and 60 minutes. The 468 school principal spent the least time outdoors, with most reported outdoor exposures 469 being less than 5 minutes per day (70% of self-reported exposure records). 470
471
The influence of daily exposure timing was considered for all participants with self-472 reported outdoor exposure times of up to the study median of 30 minutes. Given 473 school hours in Queensland occur within peak UV exposure periods (between 9:00 474 am and 3:00 pm) and often occur when the UV-Index is 3 or greater (i.e. sun-475 protection required), H ICNIRP radiant exposures of less than 30 minutes duration were 476 examined between 11:00 am and 2:00 pm (highest likely H ICNIRP radiant exposure 477 risk) and for self-reported exposures up to 30 minutes received outside this time 478
(lower H ICNIRP risk) ( Table 5 ). The likelihood of dosimeter-days exceeding the 479 occupational radiant exposure limit was found to depend on time of day. Of all of the 480 study participants receiving up to 30 minutes daily exposure, 18.7% exceeded the 481 ARPS if their radiant exposure occurred exclusively between 11:00 am and 2:00 pm 482 compared with 8.3% of study participants who received up to 30 minutes daily 483 exposure outside of these times (p < 0.0175). This finding indicates that outdoor 484 exposures up to 30 minutes duration are more likely to exceed the daily occupational 485 radiant exposure limit of 30 J/m 2 if teachers are exposed between 11:00 am and 2:00 486 pm. These times correspond with meal and lunch break periods. 487 488 489 All teachers that spent more than 2 hours outside daily exceeded the occupational 530 radiant exposure standard. The study median radiant exposure time of participants 531 over the ARPS was 60 minutes. A statistically significant number of daily exposure 532 records were found to exceed the ARPS limit in less than 30 minutes for those 533 teachers who self-reported outdoor radiant exposure times exclusively between 11:00 534 am and 2:00 pm. A significant point of difference in the current study to other 535 occupational groups is that whereas meal times represent times of reduced UV radiant 536 exposure in other outdoor occupations [8], they represent periods of increased radiant 537 exposure for school teaching staff. Teachers employed in Queensland are entitled to 538 30 minutes daily for meal breaks between 11:30 am and 2:00 pm although no limit is 539
given to the number of outdoor playground duties a teacher may be required to 540 supervise [52,53]. The requirement of meal breaks to be taken between 11:30 am and 541 2:00 pm is likely to be a contributing factor to the high number of playground 542 supervisions (and therefore outdoor exposures) observed between 11:00 am and 1:30 543 pm. Using our study sample as a guide, teachers performing a single, hourly yard duty 544 on any one day of the week would be at significant risk of exceeding the daily 545 occupational radiant exposure limit. 546 between different participant classifications. PE / Ag teachers were at particular risk, 549 spending for the most part, more than 30 minutes daily outdoors. This result is a likely 550 consequence of playground supervision requirements for PE / Ag teachers coupled 551 with the necessity to spend a greater proportion of the day outdoors supervising sport 552 or agriculture lessons. Removal of the requirement of PE / Ag teachers to conduct 553 playground duty during the working week would clearly contribute to a reduction in 554 occupational radiant exposure risk for this group and would make an important 555 contribution to school workplace health and safety policies. 556
557
A new study group, not previously investigated in UV exposure research were the 558 teacher aides. This participant group recorded the second highest H ICNIRP radiant 559 exposure after the PE / Ag specialist teachers. In Queensland, it is currently a 560 requirement of teacher aides to supervise children during breaks [54]. This does not 561 preclude supervision during meal breaks. Given that most of the teacher aides in our 562 study were found to be outside for greater than 30 minutes indicates that the children 563 they supervise on a day-to-day basis are also likely to be spending this amount of time 564
outdoors. This makes this particular group an interesting cohort to follow in future 565 studies. 566 567 Difference in geographical latitude between Townsville and Toowoomba could not be 568 isolated as an exclusive factor associated with the likelihood of exceeding the 569 occupational radiant exposure standard. That personal radiant exposures in tropical 570 north Queensland were higher than those measured in southern Queensland for all 571 teaching classifications is likely to be attributed to behavior differences and total daily 572 radiant exposure time variation between groups. The relative ambient radiant 573 exposure fractions of classroom teachers (Table 1 ) support the notion that participants 574 in the Toowoomba group were more likely to stay indoors under comparatively 575 similar ambient conditions, with the UV-Index reaching a maximum daily average of 576 10.5 in Townsville and 9.6 in Toowoomba during the study period. Although low 577 ambient exposure fractions are consistent with the findings of research reported by 578 other authors, the findings of our study highlight that occupational radiant exposures 579 received by teaching staff occur in or near lunch break periods. This places staff 580 required to supervise children at these times at greater risk of exceeding occupational 581 radiant exposure standards. 582 583 584
Conclusions 585 586
The findings of the current study provide baseline information on occupational radiant 587 exposures and behavior patterns of teachers from schools located in a warm, and high 588 ambient UV climate. This information is relevant to teaching staff working in tropical 589 and subtropical locations and may by indicative of radiant exposure patterns likely to 590 be observed by staff working in an increasingly warmer and variable global climate. 591 592 A clear strategy that would have a measureable impact on reducing the number of 593 staff exceeding the ARPS would involve reducing the total amount of time spent 594 outdoors. This strategy, along with sun exposure minimization, improved 595 identification and sun exposure awareness training for workers, and the mandatory 596
